ABSTRACT
INTRODUCTION
Parasites of the genus Plasmodium places a huge burden on human life as a result of the malaria disease they cause. It remains a threat to almost 50% of the world's population with 200 million estimated new cases and 1-2 million deaths per year (Snow et. al., 1998) . Individuals in all continents are potentially at risk, but the greatest deficiency falls on people in the tropics. Malaria is initiated with the inoculation of sporozoites from infected female anopheles mosquitoes. These sporozoites have a short life span and are highly immunogenic (Tapcharsri et al., 1983; Nussenzweig et al., 1985) . CSP is a major surface antigen which uniformly surrounds the external coat of the malaria sporozoite (Cochrane et al, 1980 ; the circumsporozoite tetrapeptide present their-in was derived from an open reading frame in the tetracydine resistant region (TCR) of E.coli expression plasmid (Webster et al.., 1987) .
Elaborate seroepidemiological studies have been made possible by ELISAs. They help in the definining and collaboration of baseline data on the development of natural immunity to malaria in remote locations. Thus helping in monitoring progress made in malaria control programmers (Tapchaisri et al, 1985) . The seasonality of malaria has been recorded by the likes of Webster et al (1988) and Babiker et. al., (1998) . In a study, Lindsay and Birley (1996) stated that the transmission of P.falciparum depends upon the survival, abundance and infectious periods of the malaria while the vector rely upon suitable climatic conditions. Snow et al.(1998) on the other a hand showed in their work that areas with low rainfall limits the transmission potential while the areas with low temperature reduce the duration of both the sporogonic and gonotrophic cycles; thus limiting the chances of parasite transmission. Classical works by Esposito et al (1988) and Druilhe et al (1986) indicated a substantial seasonal variation in the levels of antibodies to the synthetic recombinant antigens, even in adults living in areas of extreme high malaria transmission.
Climate-based models are being developed to identify and monitor geographical areas that are most at risk from malaria epidemics. The models predict risk of malaria transmission on the basis of rainfall and temperature and validation of the results generated from the model using historical malaria data, have shown that such models provide a good estimation of spatial risk (WHO/TDR, 2004) . Of global deaths attributed to malaria, 90% now occur in sub-saharan Africa. Recent advances in public health are offering new opportunities to make significant reductions in burden of disease (MARA/ARMA, 2001); and malaria risk mapping, offers such a service which can help to better support planning and programming of malaria control.
Though seasonality of malaria transmission pattern has been reported in previous studies, as highlighted above, in this paper, we attempt opening up the variability in patterns of falciparum malaria Ab responses and the potential positive complimentary, role of malaria risk mapping in control.
The objectives of this paper include the determination of the individual and mean levels of Ab response to the CSP (R32tet32) construct. Also, the relationship of Ab response to rainfall in each of the villages were compared. The work will also bring to light, the role of ELISA and potential role of spatial risk mapping in the control of malaria.
MATERIALS AND METHOD
Study site: The two villages Afefu and Tobalogbo are located in Igbo-Ora community in the Ifeloju Local Government areas of Oyo State. Subjects: They were participants in a longitudinal epidemiological study carried out by the Cellular Parasitology Programme research team. 169 serum samples including 2 controls were used for the study. Samples were collected fortnightly.
Approximately 500ul of blood was obtained by finger pricking from each subject and transferred into anticoagulant containing micro-test tubes. The blood samples were transported to Ibadan on ice packs. These were later brought into the laboratory after 2-6 hours and stored at 4ºC for 24-48hours. The samples were centrifuged at 10,000rpm for 5minutes at 4ºC. The sera subsequently obtained were stored in small aliquots at -70ºC in the laboratory. They were l ater stored at 4 0 C, enable the samples to thaw before running assays on them.
Cahorts were discouraged from taking anti-malarial agents such as "Agbo" prepared from the neem tree, Azadirachta indica before entering the survey. They were supplied with drugs and treated for various ailments at the Centre for Preventive and Social Medicine of the Ibadan University College Hospital (UCH) in Igbo-Ora. Subjects were indigenes of the community. They live in the farm during the weekdays and move to town at weekends. ELISA method: A total of 169 serum samples were tested by an enzyme-linked immunosorbent assay (ELISA) using R32tet32 as capture antigen in 8 microtitre plates. On the first day, the stock capture antigen was diluted at a concentration of 1:2,000 with solution A (Boiled casein and phosphate buffered saline at a dilution of 4:5,000) 50ul was evenly dispensed into each of the wells (nos. 2-11) of the 8 microtitre plates using multichannel pipettor. These plates were covered and incubated overnight at 4 0 C. This was followed by aspiration of well contents using a multichannel pipettor. Each of the wells were then filled with 200ml blocking buffer and left for 1hour at laboratory temperature. The 169 test human sera samples were diluted 1:200 in blocking buffer in small tubes including the control positive and negative sera. Then, 50ul of this solution was dispensed in duplicates (to ensure follow-up re-runs, for reproducibility) into each of the wells 3 to 11 and the plates covered. After a-2 hour incubation at room temperature, the well contents were aspirated, the plates washed twice with 0.5% (v/v) PBS-Tween 20 wash solution. The 1 st and 12 th rows, and the peripheral wells had no sera samples (blanks). The plates were then blotted and 50ul of peroxidase conjugated mouse antihuman immunoglobin G (IgG) solution diluted 1:5000 in blocking buffer was added to each well. The plates were allowed to stand at laboratory temperature for 1 hour, the plates were aspirated and washed twice with the PBSTween 20 wash solution. 50ul of ABTS substrate was added to each well covered and incubated in the dark for 1 hour. Then, 50ul of 1% SDS solution was added into each well to stop the reaction. The absorbance values at wavelenth of 405nmwas determined using a Vmax kinetic microplate reader (Responders: mean ELISA absorbance value >0.09AU). The absorbance values of the blanks for each column were subtracted from the absorbance values for the wells containing R32tet32. The mean values and the standard deviation (SD) was then calculated. The format used permitted sera from 2 subjects to be assayed per plate for the 13 months duration. Samples were not obtained for few of the months for some subjects. Hence the base line insight of the data. The positive control sera came from an individual who was shown to be making anti-circumsporozoite antibodies while the negative control sera came from an individual who was not shown to be making anti-circumsporozoite antibodies in a longitudinal study on natural immunity to malaria in a falciparum malaria endemic area (Igbo-Ora).
Statistical analysis was done using mean values, SD, student `t' test and the person product moment correlation coefficient.
RESULTS
The maximum mean absorbance values were obtained in the months of August (0.202±0.160AU) for FA samples and in the months of April, 1993 (0.143±0.084AU) for TB samples. (Tables 1 & 2) . The pearson correlation coefficient analysis of the mean absorbance of FA with TB samples showed a negative correlation (r = -0.0041; P>0.05; df=11).
Correlation of Rainfall distribution with mean absorbencies:
The amount of rainfall peaked in the month of June with the least being recorded in January (Figs 1 &  2) . There was a positive correlation between mean absorbance and rainfall distribution for the various months for FA samples (r = +0.31; P>0.05, df=11) while that for TB samples showed a negative correlation (r = -0.3.2); P >0.05; df = 11). (Tables 1& 2 ) .
DISCUSSION AND CONCLUSION
A considerably high number of the subjects produced antibodies that were reactive with the circumsporozoite recombinant peptide, R32tet32 (7 from each village amounting to 14 out of 16 -87.5% from both villages). The level of antibody response was not dependent on the number of clinical malaria infection .
This remark is consistent with the stage and species specificity of the immune response. Thus, the Ab response profile measured could serve as a useful indicator of the level of malaria transmission. Druihle et al (1986) and Esposito et al (1988) equally corroborated this conclusion. Except for F29 and TB02 (Tables 1 & 2 respectively) who both responded negatively, all other subjects that recorded cases of malaria were responders (Table 3 ) This illustrates the fact that, it is possible that rising antibody levels was experienced in subjects at the time a blood stage infection that was sufficient to cause symptoms developed (Webster et al, 1987) . Also, it conforms with the discovery that inoculation of sporozoites which results in acute P. falciparum infection may or may not stimulate an antibody response to sporozoite antigens .
TB08, TB05, TB06, TB07, FA05, FA07, FA14, and FA28 all recorded peaks after the first case of suspected malaria was treated and suggests that the first episode of malaria may have been only partially treated while the second case was probably just a recrudescence. Occasionally, after treatment, there were instances in which Ab titres failed to show a significant rise during subsequent episodes (FA31, TB01, TB04 and TB07). There were also instances in which the periods of positive Ab response failed to correspond with the periods in which subjects were treated such as in FA29 and TB02 which were non-responders throughout.
The inconsistent nature of some of these highlighted results, relating Ab responses and recorded cases of malaria (Tables 1,2 & 3) could be as result of variation in T-cell epitope(s) to which the helper T-lymphocyte were responding (Good et al, 1988) , especially when there is an antigen defect in the T-helper lymphocyte function while the general levels of Ab responses recorded could have been influenced by the half-life of immunoglobulin G (IgG) antibodies (Young et al, 1985) , and the blood stage specificity of the circumsporozoite proteins (Dame et al, 1984) .
However, some subjects still showed consistencies in which periods of positive anti-circumsporozoite protein responses corresponded with the periods in which malaria cases were recorded -FA02, FA12, FA14,FA28, TB05, TB06 and TB08 (Tables 1,2 & 3 ) . Responders FA02, FA31, TB01 TB03 that showed no case of malaria during the period of survey also showed consistencies in results.
Despite the location of the two villages within the same geographical zone with similar socio-economic settings, varying seasonal profiles of Ab response was recorded. High levels of Ab response was recorded between April and October for FA (rainy season period) while it was between November and April for TB (dry season period).
Furthermore, the antibody response profile for FA samples showed a positive correlation with rainfall (r=+0.31; P>0.05) while that of TB samples was negatively correlated (r=-0.32; P>0.05) ( Table 1&2 ). The trend in FA is similar to that obtained by Webster et al (1988) in South Western Thailand. This they attributed to a combination of factors involving human and vector (mosquito) behaviour which determine their exposure to infection. Examination of these micro variations may reveal other clues useful for control. Nwagwu et al (1998) reported seasonal relationship from the outcome of their study in which they dealt more on the immune status of the subjects, in the adjoining border villages within the same community. Knowledge of variation in parasite populations, if any, according to dry/low season in a place is of particular interest in Africa and other endemic areas for national malaria control programme. (Issifou et al, 2001) . Studies on the relief of the two villages showed that they both have streems that dry up from November to march and which both fill up in the rainy season (Daly MT, Filani MO and Richards P, unpublished report) . This implies that positive titres (responses) and indeed episodes of malaria are expected to fall sharply between November and March, the period in which most of the collected water must have drained up, as this was the case in only Afefu village. This not withstanding, both villages still showed significantly high levels of positive titres and it could be attributed to the rocky nature of both areas which provide suitable breeding sites for mosquitoes in the villages.
Since parasite, vectorial, environmental, climatic and human (such as habits and immunity status) factors, are some of the major parameters which greatly influence the epidemiology and level of disease transmission (Snow et al., 1988; Craig et. al., 1999) , it is not unlikely that the varying response profiles for Afefu and Tobalogbo could be related to the habits and the climate, of which rainfall (brought into focus in this work), temperature, humidity and topography are the most important in malaria epidemiology (Ukoli, 1990) . They affect the life cycle and behaviour of the mosquito vector and the rate of the development of the parasite within it. Amongst these factors, only rainfall and temperature are used as the basis for establishing models to predict risk of malaria transmission. These sort of models have been shown to provide a good estimation of malaria spatial risk (WHO/TDR, 2004; MARA/ARMA, 2001) . It is worth noting that the habits of the subjects in both villages involve daily and seasonal variation in their exposure to the risks of infection.
The earlier highlighted epidemiological factors are known to determine man's clothing, housing and general life style and it would definitely ripple out on the degree of exposure and level of transmission of the disease. Snow et al., (1998) supports this assertion as they reported that climate operates to affect the vectorial capacity of P. falciparum transmission with rainfall acting by limiting transmission potential, while survival, abundance and infectious periods of malaria vectors rely upon suitable climatic conditions (Lindsay and Birley, 1996) . With the launching of Nigeria sat-1 by the National Space Research and Development Agency (NASRDA) of Nigeria in September, 2003, its potential for detailed climatic data supplies can be exploited in epidemiological surveys involving malaria and other infections diseases. This should alongside, data obtained from parasitological and georeferencing work, help in spatial mo deling of malaria distribution patterns and establish sub-populations at risk (MARA/ARMA, 2001; WHO/TDR, 2004) . This approach has proved particularly useful in countries like China where only one province (Yunnan) remains with a significant transmission level of Plasmodium falciparum (TDR News 70 , 2003) .
What then is the role of the ELISA employed in malaria epidemiology one might ask? The answer is simple. Despite its possible sources of human and technical error Wirtz et. al. (1998) , which is of minimal significance, it still serves as a useful indicator of sporozoite parasite inoculation, thereby shedding more light on the natural history of host-parasite relationship and in seroepidemiological surveys, whose use in control programmes has shown promise, irrespective of the odds. These corroborative findings (despite the sample size) suggests firmer approach to the management of human (habits) and environmental factors by those living in endemic areas, such as in the areas under study, especially when these factors are more controllable than the innate features. Coupling these to malaria risk mapping would greatly support planning and implementation of our control programmes. Future expanded sample-size studies is advocated for further insight, as this presented data will serve as a baseline. 
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